Two distinct exo-polygalacturonases (exo-PGs) have been obtained from the culture filtrate of Aspergillus niger. The two exo-PGs were purified by CM-Sephadex C-50 column chromatography, Sephadex G-100 gel filtration, DEAE-Sephadex C-50 column chromatography and Sephadex G-75 gel filtration. The exo-PG I and II were purified approximately 15-and 25-fold, and they were found to have Km values of 20 and 3.85mg/ml, respectively, from the LINEWEAVER-BURK plot. The molecular weights of exo-PG I and II were 66000 and 63000, and had an isoelectric point of pH 5.6 and 3.8, respectively.
It is well known that many microorganisms produce several pectic enzymes in complex forms. The compositions of pectic enzymes vary among species of microorganisms. For instance, bacteria produce polygalacturonase (PG), pectinesterase (PE) and pectate lyase (PAL), whereas fungi produce PG, PE and pectin lyase (PL). DEMAIN and PHAFF1) defined an exo-PG as an enzyme which hydrolyzes the terminal glycosidic bonds of a chain of 4)-linked D-galacturonic acid residues. SAITO2) and MILL3)4) reported the occurrence of exo-PG in Aspergillus niger based upon the findings that only galacturonic acid was detected on paper chromatogram as a product throughout the hydrolysis of polygalacturonic acid. MILL4) obtained two distinct exo-PGs in the mycelium extracts of Asp. niger. HATANAKA and OZAWA5) obtained three different exo-PG fractions from a mycelium extract of Asp. niger. However, there have been no report on the extracellular exo-PG of Asp. niger and the properties of the enzyme.
It has long been known that pectic enzymes are responsible for the clarification of cloudy fruit juice as well as the retting of non-woody fibers. The main commercial use of pectic enzymes is as a clarifying agent in the fruit juice processing industry. Therefore, the maceration is a very interesting and important problem not only from an industrial standpoint but also from the studies on the enzymatic entity involving in this phenomenon.
In a previous paper6), we reported that two endo-PGs were obtained from the culture filtrate of Asp. niger 35-1 cultured in Satsuma mandarin (Citrus unshiu) peel medium. Two distinct exo-PGs have now also been obtained from the effluent fractions of CM-Sephadex C-50 column chromatography. This paper describes partial purification and some properties of these enzymes.
Materials and Methods
Microorganism: Aspergillus niger 35-1 was used in this study.
Medium and culture conditions: The medium and culture conditions were the same as those described previously6).
Determination of protein: Protein was estimated by measuring absorbance at 280nm using bovine serum albumin as a standard.
Enzyme assay: PG and PE activities were assayed by the same methods described pre- Molecular weight determination: Molecular weights of the purified enzymes were determined by gel filtration on Sephadex G-75 according to the method of ANDREWS7).
Kinetic studies: The MICHAELIS constant (Km) was determined with pectic acid and digalacturonic acid as the substrates. Initial reaction velocity was determined with various concentrations of substrates and data obtained were plotted according to the LINEWEAVER-BURK plot8).
Analytical electrofocusing: Analytical gel electrofosing was performed with 7.5% polyacrylamide gels containing the carrier ampholyte (pH range, 3 to 10) by the methods of VESTERBERG and SVENSSON9).
Results
Purification of exo-PG: Unless otherwise specified, all operations were carried out below
Step 1. Fractionation with ammonium sulfate: Solid ammonium sulfate was added to the culture filtrate after cultivation for 7 days at to 0.9 saturation and the mixture was kept overnight. The precipitate formed was collected by centrifugation, and was dissolved in a small volume of 0.05M acetate buffer, pH 5.0. The solution was first dialyzed against running deionized water and then with 0.05M acetate buffer, pH 5.0, for 48h.
Step 2. CM-Sephadex C-50 column chromatography: CM-Sephadex C-50 column chromatography was performed in the same way described previously6). The effluent fractions (peak I) contained exo-PG, PE and other hydrolyases such as xylanase, CMCase and amylase. The peak I fractions of CM-Sephadex C-50 column chromatography were collected and concentrated to about 6ml by ultrafiltration using UM2 membrane.
Step 3. Sephadex G-100 gel filtration: The enzyme solution obtained from step 2 was As shown in Fig. 1 , two peaks showed PG activity and they were referred to as peak I and peak II. The relative viscosity of the reaction mixture at the initial stage of hydrolysis was examined with an OSTWALD viscosimeter at Peak I could hydrolyze pectic acid completely to galacturonic acid. The viscosity reducing activity of this PG was relatively low in comparison with the activity to produce reducing group.
These results indicate that this PG is a type of terminal-hydrolyzing enzyme and will be called "exo -PG" hereafter . Peak II could rapidly reduce the viscosity of pectic acid, when the increase of reducing power was negligible. These results indicate that this PG carries out a random hydrolysis of pectic acid. Thus these PG fractions seem to belong to endo-PG type. Peak I fractions were collected and dialyzed against 0.05M acetate buffer, pH 5.0.
Step 4. DEAE-Sephadex A-50 column chromatography: The dialyzed solution obtained from step 3 was applied to a DEAE-Sephadex A-50 column equilibrated with Fig. 2 , the elution pattern showed two peaks of PG activity and they were referred to as peak I and peak II. Peak I and II fractions were pooled separately and concentrated by ultrafiltration, respectively. Judged by the viscosity reduction and the increase of reducing sugar of the enzyme reaction mixture, the two peaks were exo-type PG. Enzymes of peak I and II were designated as exo-PG I and II, respectively.
Step 5. Sephadex G-75 gel filtration: The two enzymes were applied to a Sephadex G-75 separately.
The elution patterns of the two enzymes are shown in Fig. 3 and 4, respectively. As shown in Fig. 3 , exo-PG I was purified as only one peak of protein and did not contain other hydrolyzing enzymes such as PE, xylanase, CMCase and amylase. Figure  4 shows that the main peak of protein corresponds to the exo-PG II. Exo-PG II fractions contained a little amylase activity, but other hydrolyzing enzyme activities were not detected. Exo-PG I and II fractions were pooled separately and were dialyzed against 0.05M acetate A summary of the purification procedures is given in Table 1 .
Properties of exo-PG I and II: Properties of exo-PG I and II are summarized in Table 2 . Molecular weight: Molecular weights of exo-PG I and II were estimated by gel filtration on Sephadex G-75 using bovine serum albumin, ovalbumin, chymotrypsinogen A and cytochrome c as standards.
The molecular weights of exo-PG I and II were found to be about 66000 and 63000, respectively. Exo-PG I was fairy stable at pH range 2.5 to 5.0 and exo-PG II was found to be stable at pH range 2.5 to 6.5.
Thermal stability: Enzyme in 0.1M acetate buffer, pH 4.5, was incubated for 30min at the desired temperature.
It was then cooled and the residual activity was assayed according to the method described above. The two enzymes were found to be quite stable up with essentially no less of activity in 30min. The Km values of exo-PG I and II were determined with pectic acid as the substrate, and they were found to have Km values of 20 and 3.85mg/ ml, respectively, from the LINEWEAVER-BURK plot. The Km values of the two enzymes for digalacturonic acid were 6.5 and 5.0mg/ml, respectively.
Isoelectric point: The enzyme solutions obtained from step 5 were subjected to isoelectric focusing in a sucrose density gradient on carrier ampholyte (Pharmalyte, Pharmacia Fine Chemicals, Sweden) of pH range 3.0 to 10.0 in an LKB 110ml column at for 48h at 1.0 to 0.8W. Fractions (2ml) were collected. The pH and absorbance at 280nm of each fraction were measured. Fractions corresponding to each peak were pooled separately, dialyzed against a large volume of 0.05M acetate buffer, pH 6.0, with several changes, for 24h, and the activity was measured . The isoelectric points of exo-PG I and II were at pH 5.6 and 5.8, respectively. Effect of HgCl2 on exo-PG activity: Suitable dilutions of the enzyme were prepared in 0.1M acetate buffer, pH 4.5, containing various amounts of HgCl2. The enzyme solutions were held for 5min at and then tested for their ability to hydrolyze pectic acid . As shown in Table 3 , the activity of exo-PG I was enhanced in the presence of HgCl2 , whereas that of exo-PG II was not .
Discussion
Exo-PGs from only a few microbial sources have been studied so far. They were obtained , free from endo-PG activity, from Asp. foetidus10) and Asp. niger2)11). SAITO2) showed that the enzyme attacked pectin by removing the terminal galacturonic acid residure. BROOKS and REID10) reported that a preparation of the Asp. foetidus enzyme hydrolyzed digalacturonic acid and trigalacturonic acid. ENDO12) reported on the purification and some properties of exo-PG from the culture filtrate of Coniothyrium diplodiella. KIMURA and MIZUSHIMA13) reported the occurrence of exo-PG from the cell-free extracts of Acrocylindrium.
To clarify the role of the pectic enzymes in the maceration and clarification reaction, we have purified a variety of pectic enzymes from the culture filtrate of Asp. niger cultured in the medium containing Satsuma mandarin peel. Most of PGs produced by the submerged culture with Asp. niger 35-1 were localized in culture medium, and a small amount was found in the mycelium. In this paper, two distinct exo-PGs from the culture filtrate of Asp. niger 35-1 were also obtained. The two enzymes were different in the molecular weights and isoelectric points. The interesting feature of these enzymes is the activation by mercury ions. No other ions could be found which were active in this system and the effect was not due to the chloride ions. HgCl2 greatly activates exo-PG I but not exo-PG II. Similarly, MILL3)4) separated two exo-PGs from a mycelial extract of Asp. niger, one was activated by mercury ions and the other was not. The Km values for pectic acid of the two enzymes were different, Km of exo-PG I, the mercuryactivated enzyme, was 20mg/ml and that of exo-PG II was 3.85mg/ml. However, the Km values for digalacturonic acid were almost same (exo-PG I, 6.5mg/ml; exo-PG II, 5.0mg/ml). The mercury-activated enzyme, exo-PG I, has a pH optimum of 3.8 and shows a rapid fall in activity when the pH is raised, and exo-PG II has optimum pH 4.5. Therefore, the low activity of exo-PG II against pectic acid compared with that against digalacturonic acid may well reflect not a difference in susceptibility of the terminal bonds in the two substrates , b ut simply the difference in the effective concentrations of the terminal bonds. The low molecular weight dimer has many more terminal (38) bonds than the polymer when both substrates are at the same concentration.
The possible usefulness of exo-PGs in structural studies on pectic acid has already been mentioned by HATANAKA and OZAWA14). Exo-PG is not useful in the maceration of plant tissues but very important in metabolism of pectic substances for being able to degrade oligogalacturonic acid.
